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Fig. 1

Geological map and location of the study area (modified from Lu et al., 2022; Bo et al., 2024)

(a) tectonic plate map of China; (b) geographical location map; (c) study area geological map
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(modified from Zheng et al., 2009; Chen, 2011)
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Fig. 3 Characteristics of tuff in the Jiguan Mountain profile

(a) field photographs of tuff outcrop, Tuff-1; (b) subangular and banded features under microscope, Tuff-1, plane-polarized light (PPL); (c) flow-like structural features under

microscope, Tuff-1, cross-polarized light (XPL); (d) field photographs of tuff outcrop, Tuff-2; (e) subangular and banded features under microscope, Tuff-2, PPL; (f) flow-like

structural features under microscope, Tuff-2, XPL
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(a) Tuff-1; (b) Tuff-2; circles are the testing positions; white numbers are ages (Ma); yellow numbers are eHf(t) values
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Table 1 Zircon LA-ICP-MS U-Pb isotopic dates for tuff from the Xujiahe Formation
207ppA5Y 206p}/238( 207ppA5Y 206pp28Y
TS Ph/x10™® Th/x10™° U/x10° rho

HAH lo U AE lo Age/Ma lo Age/Ma lo
Tuff-1-01 55.46 615.41 1165.46 0.239 0.010 0.033 0.000 6 0.416 2173 8.4 206.4 3.6
Tuff-1-02 65.55 769.53 1283.70 0.248 0.015 0.033 0.000 6 0.311 2253 12.1 206.6 3.8
Tuff-1-03 4274 406.49 851.45 0.248 0.022 0.033 0.000 7 0.246 2252 18.3 206.7 4.5
Tuff-1-04 77.65 917.26 1536.11 0.252 0.014 0.033 0.000 7 0.407 228.5 11.6 206.8 47
Tuff-1-05 151.83 2098.47 2752.16 0.249 0.010 0.033 0.000 5 0.339 225.6 8.5 207.0 2.9
Tuff-1-06 84.99 939.05 1573.83 0.244 0.023 0.033 0.000 7 0.209 221.4 19.2 207.1 4.1
Tuff-1-07 7291 923.72 1 354.50 0.248 0.031 0.033 0.000 7 0.171 225.1 24.9 207.2 43
Tuff-1-08 46.53 500.66 986.71 0.220 0.011 0.033 0.000 6 0.358 201.8 9.3 207.8 3.7
Tuff-1-09 56.01 578.99 1139.52 0.252 0.015 0.033 0.000 6 0.313 228.2 11.8 207.8 3.7
Tuff-1-10 53.72 615.20 1132.40 0.236 0.011 0.033 0.000 6 0.379 215.0 9.1 207.9 3.6
Tuff-1-11 48.06 466.10 975.15 0.241 0.013 0.033 0.000 6 0.322 219.0 11.0 207.9 3.7
Tuff-1-12 82.90 1 076.00 165238 0.232 0.010 0.033 0.000 7 0.521 211.8 8.0 208.1 4.4
Tuff-1-13 46.82 502.27 973.03 0.250 0.014 0.033 0.000 5 0.305 226.2 11.1 208.1 3.4
Tuff-1-14 37.00 375.87 743.18 0.250 0.019 0.033 0.000 6 0.221 226.8 15.6 208.2 3.5
Tuff-1-15 49.21 522.24 975.25 0.246 0.012 0.033 0.000 6 0.345 223.4 10.0 208.2 3.5
Tuff-1-16 116.98 1476.88 2170.55 0.247 0.012 0.033 0.000 5 0.316 2243 9.9 208.2 3.2
Tuff-1-17 47.81 517.34 1022.11 0.246 0.012 0.033 0.000 6 0.397 2232 9.7 208.3 3.9
Tuff-1-18 53.67 609.75 113853 0.205 0.010 0.033 0.000 6 0.368 189.0 8.6 208.6 3.8
Tuff-1-19 56.19 633.87 1181.47 0.230 0.010 0.033 0.000 7 0.443 210.2 8.7 208.7 4.1
Tuff-1-20 90.55 1219.83 1784.37 0.215 0.010 0.033 0.000 7 0.438 197.7 8.3 208.9 42
Tuff-1-21 57.54 678.27 1178.24 0.222 0.009 0.033 0.000 6 0.447 203.4 7.7 209.1 3.8
Tuff-1-22 48.32 525.24 1010.90 0.233 0.013 0.033 0.000 7 0.389 212.6 10.6 209.2 44
Tuff-1-23 64.61 808.35 1311.94 0.233 0.012 0.033 0.000 7 0.419 212.5 9.8 209.4 4.4
Tuff-1-24 53.11 590.88 1065.48 0.250 0.021 0.033 0.000 7 0.260 226.9 16.9 209.4 4.5
Tuff-1-25 69.13 846.83 1419.66 0.232 0.011 0.033 0.000 6 0.371 21222 9.1 209.7 3.7
Tuff-1-26 86.01 471.38 2078.76 0.246 0.014 0.033 0.000 7 0.339 223.6 11.7 210.4 4.1
Tuff-1-27 53.02 611.46 1107.81 0.234 0.011 0.033 0.000 7 0.455 213.3 8.7 210.8 43
Tuff-1-28 47.28 503.39 910.01 0.246 0.019 0.033 0.000 7 0.278 2235 15.1 2109 44
Tuff-1-29 40.75 402.03 875.23 0.239 0.014 0.033 0.000 6 0.297 218.0 11.9 211.2 3.7
Tuff-1-30 49.00 512.17 913.19 0.260 0.018 0.033 0.000 7 0.305 234.4 14.5 212.1 4.4
Tuff-2-01 151.42 2264.87 3724.58 0.221 0.009 0.033 0.000 6 0.448 202.4 8.0 209.0 4.0
Tuff-2-02 68.18 797.08 1838.76 0.247 0.014 0.033 0.000 6 0.320 224.1 11.8 215.0 4.0
Tuff-2-03 131.95 1716.25 3215.36 0.236 0.009 0.034 0.000 6 0.427 215.0 7.7 216.1 3.6
Tuff-2-04 102.40 1195.94 2489.14 0.250 0.012 0.033 0.000 6 0.335 226.2 10.1 209.4 3.5
Tuff-2-05 100.32 1352.73 2517.87 0.224 0.011 0.033 0.000 6 0.387 205.2 9.2 212.9 4.0
Tuff-2-06 46.76 478.98 1242.87 0.245 0.014 0.033 0.000 7 0.324 2227 12.0 213.2 4.1
Tuff-2-07 166.32 2299.09 3697.81 0.265 0.009 0.034 0.000 6 0.505 239.0 7.8 216.5 3.9
Tuff-2-08 64.62 720.03 1671.30 0.250 0.014 0.033 0.000 7 0.385 226.4 11.7 209.3 4.6
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F1(sk)
27pA5y 206p}/28y 27p}/A3y 206p}/28y
W5 Ph/x10°¢ Th/x10™ U/x10™° rho

LB lo HAE lo Age/Ma lo Age/Ma lo

Tuff-2-09 66.23 701.32 1673.17 0.260 0.014 0.033 0.000 6 0.323 234.5 11.9 214.9 3.9
Tuff-2-10 100.55 1734.48 2322.32 0.223 0.013 0.033 0.000 7 0.344 204.4 11.1 209.1 4.2
Tuff-2-11 109.07 1325.69 2 673.36 0.254 0.021 0.032 0.000 7 0.234 229.7 17.6 208.8 4.1
Tuff-2-12 66.46 72474 1744.37 0.246 0.013 0.033 0.000 7 0.369 223.1 10.6 214.9 4.1
Tuff-2-13 67.02 656.16 1 804.10 0.255 0.012 0.032 0.000 5 0.333 230.9 102 209.0 3.4
Tuff-2-14 67.73 803.82 1819.85 0.235 0.011 0.033 0.000 5 0.326 2143 9.4 2135 3.3
Tuff-2-15 61.81 662.14 1610.69 0.255 0.015 0.033 0.000 6 0.301 230.8 12.6 213.6 39
Tuff-2-16 61.02 589.27 1477.45 0.262 0.020 0.034 0.000 8 0.311 236.3 16.3 216.8 5.1
Tuff-2-17 93.74 112855 2401.93 0.241 0.010 0.033 0.000 6 0.412 219.5 8.3 215.1 3.7
Tuff-2-18 86.03 1016.77 218243 0.253 0.015 0.032 0.000 7 0.364 229.1 12.3 209.0 4.5
Tuff-2-19 65.47 671.12 1588.99 0.265 0.016 0.034 0.000 8 0.348 238.5 13.5 217.5 4.7
Tuff-2-20 163.38 2358.76 374431 0.247 0.008 0.033 0.000 5 0.459 2237 7.1 211.5 3.4
Tuff-2-21 56.48 606.06 1 400.06 0.245 0.020 0.032 0.000 8 0.281 2226 17.0 208.5 4.9
Tuff-2-22 66.67 719.01 1701.64 0.262 0.018 0.034 0.000 7 0.278 235.9 14.6 215.8 4.1
Tuff-2-23 92.16 117831 2336.48 0.244 0.013 0.033 0.000 7 0.393 222.1 10.8 211.1 4.4
Tuff-2-24 100.76 1248.02 2503.23 0.237 0.013 0.033 0.000 6 0.303 216.2 10.7 213.0 35
Tuff-2-25 78.16 885.50 1 820.30 0.256 0.013 0.034 0.000 6 0.333 231.8 11.0 217.3 3.8
Tuff-2-26 86.21 1113.80 2166.33 0.236 0.013 0.033 0.000 7 0.350 215.4 11.4 211.2 4.3
Tuff-2-27 72.46 774.12 1774.35 0.256 0.018 0.033 0.000 6 0.259 231.3 14.5 212.1 3.8
Tuff-2-28 130.89 1723.23 3065.82 0.256 0.014 0.033 0.000 5 0.279 231.2 11.7 213.6 3.3
Tuff-2-29 27.57 329.31 634.53 0.243 0.020 0.033 0.000 8 0.279 221.0 16.4 213.0 4.8
Tuff-2-30 54.19 574.35 1353.36 0.255 0.021 0.034 0.000 8 0.259 230.4 17.6 216.4 4.7
Tuff-2-31 106.88 1291.52 2 637.50 0.238 0.011 0.033 0.000 6 0.374 216.7 9.1 214.4 3.7
Tuff-2-32 151.89 2131.56 357045 0.239 0.008 0.034 0.000 6 0.523 217.8 7.0 216.6 4.0
Tuff-2-33 118.50 1472.03 2766.27 0.262 0.011 0.034 0.000 6 0.393 236.1 9.4 216.7 3.7
Tuff-2-34 155.90 2047.67 3677.88 0.241 0.010 0.034 0.000 6 0.409 2189 8.2 217.8 3.6
Tuff-2-35 62.36 693.57 1565.69 0.247 0.019 0.033 0.000 7 0.276 2245 15.9 212.1 4.6
Tuff-2-36 93.50 1072.05 2268.94 0.257 0.011 0.034 0.000 6 0.391 231.9 8.9 217.3 3.6
Tuff-2-37 173.67 2718.81 4166.22 0.248 0.012 0.033 0.000 6 0.353 2253 10.0 215.0 3.7
Tuff-2-38 61.58 691.60 1549.35 0.244 0.014 0.033 0.000 6 0.294 221.7 12.0 212.7 3.7
Tuff-2-39 153.86 2269.07 3510.00 0.248 0.010 0.034 0.000 5 0.357 224.6 8.4 216.6 3.2
Tuff-2-40 125.54 1728.13 3056.07 0.237 0.011 0.033 0.000 7 0.405 216.2 9.5 213.7 4.2
Tuff-2-41 142.50 1968.91 3394.24 0.255 0.010 0.033 0.000 6 0.428 230.5 8.4 2129 3.7
Tuff-2-42 80.09 924.29 2080.78 0.254 0.012 0.034 0.000 6 0.378 229.6 10.1 2163 4.0
Tuff-2-43 55.38 608.39 151691 0.241 0.013 0.033 0.000 6 0.335 219.5 11.2 209.1 3.9
Tuff-2-44 146.31 2071.26 3331.62 0.239 0.009 0.033 0.000 5 0.373 218.0 7.7 214.6 3.1
Tuff-2-45 154.60 2349.98 3622.65 0.235 0.015 0.033 0.000 6 0.266 214.6 13.0 210.2 3.7
Tuff-2-46 83.96 1106.07 2013.16 0.240 0.014 0.033 0.000 7 0.319 218.0 12.0 215.2 4.1
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Bl w5 A AR AR TR B, P/ U AR Ak T
BB R R (206.4~212.1 Ma) , K- H14E 8 K
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Bl S35 A AR R B, 2P/ U BYAF#$ Ak T
Wi A B (206.4~212.1 Ma) , ITAE I 4E§% R (213.5+
1.1)Ma(MSWD=0.41; &l 5¢,d) .
43 BREEEMBREFE

B AR s ERITER ME T E AR T
A LR 1~3 CEE 1 UL Science DB B0 4E ) . il
TR ZE LRI Tuff-1 FE 54 0 S10, 7 K 53.73%, K,0 Fil
Na,0 4 & 2 43 %I 4 4.08% F1 0.25%, CaO 5 5 K
0.90%, AL,O, & 4 23.33%, TFe,0, N 2.87% , b
H12.71%, oAy F 5o R & BAK ; Tuff-2 H 60 1Y
Si0, %M 52.86% , K,0 11 Na,O )& 14351 M 5.53%
F10.09%, CaO & & 4 0.69%, ALO, & & N 22.91%,
TFeO 154 5.48% , e K it 10.36% , Hor £ ITR
B, BEICAFE SR T R BRI A AR AL
it 43 P 1 (] 6 ) b A 2 B0 A B S (%) A (00 A,
s FOCR I E 4, B LU R RO A R
i1 Eu 11 5% (0Eu=0.326) ; {70 3= S5 4 b Ar 1k
Wk o 151 (1] 6b) 8735, B it (i B 5 OC R Ta 1R 55 40t
KEFEAICE Rb, Ba 25 M) 4
44 EIRBEERTMHHE

eI RE Al 1 X AT SR 4 SR 2 W, Tuff-1

I Tuff-2 W2 A0 YRR L0 WA A — o 200
Tuff-1 A4 555 58 4.7% , FH A7 80 0.7%, 7 #
A F N 0.5%, Fh 0 W & 5 94.1%; Tuff-2 19 41
Y 5N 10.6%, Fh 0 W F N 89.4%. Tuff-1 1Y
TR U 5t R 22% , PRSI 2 5 5 T8% 5 Tuff-2 1Y
AT EN 1%, 5 5IR)Z F 5 99%
45 BREHEENIEISE

00 G 2HL 5 I R i S A B[R] 2R
SRR 2, SR RWIEE ICE B A TR THEE A T
0.282 559~0.282 963, V-1 24 0.282 722; "*Lu/""Hf
{H¥/NF 0.002, R85 A 2ETE RS BB RO H
%, "Lu/"HSf {5 4+ T 0.000 729~0.001 963, “F- 14 {&
0.001 346,

Tuff-1 1) "HE/Hf (B A F 0.282 811~0.282 963,
S 1 {H R 0.282 856, Lu/THS {H 4~ T 0.001 039~
0.001 918, F¥J{H 4 0.001 540, &, (V) /T 5.7~11.2,
FIE R 7.0, — B BB AR IS (T, A T 416~
638 Ma, F-HIREAERE Hy 571 Ma, B B AR 204
(T, ) I T 492~794 Ma, F-HRE AR H7 706 Ma.

Tuff-2 {4 "Hf/"Hf {4 F 0.282 559~0.282 679,
S H{H S 0.282 619, Tuff-2 B9 "Lu/"HS {6/ T
0.000 729~0.001 963, - #J{E >4 0.001 220, — i Bt
B A AR IS (T),,,) A T 806~990 Ma, - 14 45 X 4F i
9901 Ma, — By Bt i #58 XAF 88 (T,,,) A T 1 046~
1286 Ma, F-BIHAEIS A 1 172 Ma.
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51 BRENEREX

B PR RS P ORG fE DL BGE L B
FARAR A B 58 IR ST %5, 2009) o FILHES A1 79
U-Ph AF & 0808 0T DAAT A5 DA 12 st 300 X6 7 £74) 449 3 44
Hk, a5 4B X B A7 1Y U-Ph AE 50 HE4T X0 e ]
DL BCHIWHEE I TR IX (145, 2022) o AR it
TR AR i Tuff-1 1 Tuff-2 (1) U-Ph 4 #8045 , 8 3720
FA L B KA B 2S A (L 7) 0 B A B A U-
Ph A4 B 5 A —H Ao A SO L, 2R 1
T 1L 1 DX () A A AR IR EA T X U5, L s
T —H b AR 1% 25 28 0% Bl R AR T 7E 202~217 Ma
(2920 ,2010; F M4 ,2023) , L5 R0 53 1%
S TP ALE 202~224 Ma (Jitii%,2017) , Z5 08 i 1
Y A I B A R AR 210~227 Ma (5 R 2245,
2009 ; X1 #1455, 2020) o 25 H R BB X B JCA FF
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Table 2 Zircon Lu-Hf isotope analysis of tuff from the Xujiahe Formation

Y Age/Ma O/ THE 7oL/ HE oY b/ HE & £y Tom T fLu/Hf
Tuff-1-01 208 0.282 849 0.001 659 0.069 140 2.7 7.1 581 719 -0.95
Tuff-1-02 209 0.282 811 0.001 177 0.046 960 1.4 58 628 790 -0.96
Tuff-1-03 209 0.282 835 0.001 187 0.046 995 22 6.7 594 743 -0.96
Tuff-1-04 211 0.282 877 0.001 597 0.065 996 37 8.1 540 663 -0.95
Tuff-1-05 209 0.282 814 0.001 491 0.061 544 1.5 59 630 788 -0.96
Tuff-1-06 208 0.282 829 0.001 593 0.065 676 2.0 6.4 610 760 -0.95
Tuff-1-07 208 0.282 816 0.001 680 0.069 275 L5 59 630 786 -0.95
Tuff-1-08 208 0.282 852 0.001 039 0.044 258 2.8 73 567 709 -0.97
Tuff-1-09 208 0.282 844 0.001 633 0.066 195 2.5 6.9 588 729 -0.95
Tuff-1-10 208 0.282 863 0.001 425 0.060 093 32 7.6 558 691 -0.96
Tuff-1-11 208 0.282 819 0.001 622 0.068 149 1.7 6.0 624 778 -0.95
Tuff-1-12 211 0.282 878 0.001 918 0.080 512 38 8.1 543 663 -0.94
Tuff-1-13 207 0.282 858 0.001 676 0.069 501 3.0 7.4 569 702 -0.95
Tuff-1-14 209 0.282 812 0.001 796 0.076 073 1.4 5.7 638 794 -0.95
Tuff-1-15 212 0.282 963 0.001 650 0.069 831 6.8 11.2 416 492 -0.95
Tuff-1-16 209 0.282 843 0.001 449 0.059 693 25 6.9 587 730 -0.96
Tuff-1-17 206 0.282 834 0.001 581 0.063 261 22 6.5 601 748 -0.95
Tuff-2-01 209 0.282 640 0.001 484 0.057 417 4.7 -0.3 878 1130 -0.96
Tuff-2-02 215 0.282 613 0.000 850 0.034 728 -5.6 -1.0 900 1175 -0.97
Tuff-2-03 209 0.282 635 0.001 431 0.058 811 4.8 -0.4 883 1139 -0.96
Tuff-2-04 213 0.282 609 0.001 063 0.041 214 -5.8 -13 912 1187 -0.97
Tuff-2-05 213 0.282 585 0.000 840 0.033 141 -6.6 -2.0 940 1231 -0.97
Tuff-2-06 209 0.282 620 0.001 510 0.059 405 -5.4 -1.0 907 1170 -0.95
Tuff-2-07 209 0.282 639 0.001 307 0.050 973 4.7 -0.3 875 1131 -0.96
Tuff-2-08 209 0.282 619 0.001 009 0.040 663 5.4 -1.0 897 1168 -0.97
Tuff-2-09 213 0.282 679 0.000 729 0.029 214 -3.3 1.3 806 1046 -0.98
Tuff-2-10 214 0.282 559 0.001 353 0.052 598 -75 -3.0 990 1286 -0.96
Tuff-2-11 215 0.282 596 0.001 450 0.057 469 -6.2 -17 939 1213 -0.96
Tuff-2-12 209 0.282 629 0.001 163 0.047 706 -5.1 -0.6 886 1149 -0.96
Tuff-2-13 212 0.282 614 0.001 307 0.052 813 -5.6 -1.1 910 1178 -0.96
Tuff-2-14 209 0.282 629 0.000 967 0.038 914 -5.0 -0.6 881 1147 -0.97
Tuff-2-15 216 0.282 651 0.001 180 0.048 739 -4.3 0.3 855 1103 -0.96
Tuff-2-16 217 0.282 610 0.001 308 0.052 451 -5.7 -1.2 916 1185 -0.96
Tuff-2-17 213 0.282 609 0.000 773 0.028 948 -5.8 -1.2 904 1183 -0.98
Tuff-2-18 214 0.282 611 0.001 450 0.059 917 -5.7 -1.2 919 1186 -0.96
Tuff-2-19 217 0.282 607 0.001 271 0.052 600 -5.8 -12 920 1190 -0.96
Tuff-2-20 212 0.282 577 0.000 785 0.029 800 -6.9 2.4 950 1247 -0.98
Tuff-2-21 217 0.282 608 0.001 189 0.049 347 -5.8 -1.2 917 1188 -0.96
Tuff-2-22 215 0.282 626 0.001 345 0.055 744 -5.2 -0.6 895 1154 -0.96
Tuff-2-23 213 0.282 652 0.001 963 0.082 802 -4.3 0.1 872 1109 -0.94
Tuff-2-24 215 0.282 628 0.001 400 0.058 532 -5.1 -0.6 893 1150 -0.96
Tuff-2-25 210 0.282 624 0.001 611 0.063 669 -5.2 -0.8 903 1162 -0.95
Tuff-2-26 215 0.282 636 0.000 976 0.040 180 4.8 -0.2 872 1132 -0.97




5558 XSRS PG X | =B GE G 2 B A M AR X [R5 2l i 29 o 1619

218
0.046 (b
216
0.042 214
« 212
0.038 =
S 210
? 2 1L
S 0.034 =
g o 208 ‘ [T
E I
0.030 & 206 =30
204
0.026
202
208.5+1.4 Ma
0.022 200
0.14 0.18 0.22 0.26 0.30 0.34
I
0.046 2244 (D)
0.042 220
|’HH|
=) B 1 |
Z | ‘ [T
S 0.034 £ 212
,5' < n=46
2
0.030 208
0.026 204
213.5+1.1 Ma
0.022 200
0.14 0.18 0.22 0.26 0.30 0.34

*"pPb/U
S Z5 5 4L BE K 45 A7 U-Ph 4E % 18 18] K hn AL 35
(a,b)Tuff-1;(c,d)Tuff-2

Fig. 5 Zircon U-Pb ages concordia diagrams and weighted average plots of tuff in the Xujiahe Formation

1000 10000
KRR e ORI
—=— 0746(5% H Ik
IR —e— 359D
1000
—_
S — - 2 100
= et | 2
= —t— . &
og U : o2
H - \:” - £ 10
10 i S
1
A\
= Tuff-1 = CP-1(Z \'
= Tufl-2 —=— 0746(3% \
- Tufl.3 —=—SH i) —a— 359 -
l 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 ] 1 x 1 1 1 1 1 1 1 1 1 1  § 1 1 1 1
La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu " RbBaTh U Ta NbLaCe Pr Sr NdSm Eu Dy Ho Yb Lu

Fl6  (a) BB A bR AL AR 10 73 il 4R 18T 5 (b)) Ji i b g A 7 A 130 ek o0 2% 06k 9 151
BRORE A7 o Ak (BRI 2 5 b AR AL (5| 1 Sun and McDonough (1989) , U IREE S| A Hti 1% (2017) , BT 5% H RR AN EL R RLACHE 5| E 55275 9]
(2010) , B AR5 1 5 FE 745 (2009)
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(8541 U-Ph AR RSB FI T T 208~213 Ma, SAME—H  BA UM, il LAAIBE D E i BR AL 27 0 2 R 2
PR 9 2 1L E AR R O P00 X R IIWE TS IXBE P Wi R R S iR 0 (5 TR ZE 45, 20095 357%
B BRI AT BE S R —H Aot A Rl — g BI5E, 20105 574 , 2017 BRam i 55, 2026) o M5 5E
=i IR R it B8 ML ER A 270 2 B R AN SCECUR 9

FALH B AT U-Ph IR BEICE BOIR DO WA — T A A L b Z e 3t 1021 BF 2 A5 i ) M A



IR =

5444

1620
[l e e g 25 TR 4 K K .
% U —205

| =

""""" S-f- -l ]
« . .
= i i =)
l : : 210
Tuff-1 ~ : :I .
: =
: P g Jais
2. o BN i ]
=

©
=
: I
oL
B
(o RN BRN-RN BN W A | ]
Fi Tuff2 |z i@ 3 : .
[ q 213 8 : = 7
g < S :@3 O a: g —220
) S = ]
ER S ]
= =g —225
< T N
o © ! .
! Z -
R . : - : s 201
- A —Hk PE : R S 1230

R OGS AR R R B AR I
BT LK T 2 43 7
FARE— H AU B 51 71 30k (25 91,2010 WSS, 2023) , CEARIS B 51
FISCHR 3%, 2017) , BEZR IR AE R B 5 | 191 SRR (5 PR 2245, 20095 X145, 2020)
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Data for Songpan-Garzé from references (Cai, 2010; Wang et al., 2023); data for
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2009; Liu et al., 2020)
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Fig. 8 Parent rock discrimination diagram of tuff in the

Xujiahe Formation (modified from Le Bas et al., 1986)

data for Songpan andesite from references (Cai, 2010; Wang et al., 2023); data for
Yidun Tsland Arc magmatic rocks from reference (Shi, 2017); data for Qinling

granites from references (Gong et al., 2009; Liu et al., 2020)
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Fig. 9 Zircon U-Pb ages and e Hf(t) for tuff
in the Xujiahe Formation
Data for Songpan rock mass from references (Cai, 2010; Wang et al., 2023); data for
Yidun Island Arc rock mass from reference (Shi, 2017); data for Qinling rock mass
from references (Gong et al., 2009; Liu et al., 2020)
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Fig. 10  Relationship between crustal thickness
and zircon age
Data for Yidun Island Arc magmatic rocks from reference (Shi, 2017) ; data for
Songpan andesite and adakitic rocks from references (Cai, 2010; Li e al., 2023;
Wang et al., 2023); data for Qinling granites from references (Gong et al., 2009;
Liu et al., 2020)

11a) fI Th/Yb 5 Ta/Yb Kl (& 11b) o &5 5% 7w, 2
G IR R i 4R T N G S L e 1 3 B K ki i1
%, AN T — H PO A L I 43 Rt v A ]
RGBS RPE %% . BRA SO — H PO ARy 1
WG R R G s KB 2k (CE R AREE,2019) (H
AT h B — R 2 5 B8 Y L AR, S B b
P o AR BT R T R 5 AT 576 kg 5 0 1) i i a5 b 74
PRI R S o FATE— H PO A 1) F2 AR A3 ot R B
K, FERMABICAAR, AL SA N
F R BE AR, F 5 M IX IR 5% A 2 R R A
SEHR R IR G i 2 A ZE 04 S 1A 5 47 - Bk
HH E A Y B ) (R AR5, 2017) o IRLE, S
E—H AObARE = S 2 1L R — 3 rp E—h iR
PR TS S A K L A P i i 4 b B

25 PR e A e S — 3 L i —H Ak
b A ) S BRI R 22 04 3 Ly 2 AR B A o (]
12), [AlEE & A A B A IR TCAE T s 2 i P8l ) ol
KA B CE RN 2025) . 25, ISE—H Aot ik
B A P 58 AR U, LM Bt ) 365 T S Ay o R A s (]
85,2019) , Mg B B 9 it — 20 A AR TRl
A P I 8 4 T A Js R B L L



1622 YT A= S 1 445
40 =
@ - °E®) ,
o WAL : I
I x ¥ B
30k f‘&o@g
Yoo '
10 O% (g) i
I o PN 1T o 66 ..
€ 0 & = RS PN
<& S &
L o009 < 4 AR R s
RS E g Ry
o 1E 3 g .- 25
R, + X P &
10t X T R
oX o RPN & & P
: ' oL
X — . M
AR s ‘ ' ‘ SEn
0 | I . I 1 I | 0.1 Ll L L
0 2 4 6 8 0.01 0.1 1 10
W(Yb)/x 10° Ta/Yb

K11 #9355 3R 55 A %2 K (38 Gorton and Schandl , 2000 /& 2 )
(a) Th/Ta-w(Y)HIZE & 5 (b) Th/Yb-Ta/Yb Jl 52 B s A0 - A BUE 5| A SCk (457511, 2010; Yuan et al. , 20105 FM§55,2023) , S IA A 5 | E SCHk (it i4

2017) , U FHAEEES | [ SCHk (5 R 2245, 2009; X815 ,2020)

Fig. 11 Tectonic environment determination diagram (modified from Gorton and Schandl, 2000)
(a) Th/Ta vs. w(Yb) determination diagram; (b) Th/Yb vs. Ta/Yb determination diagram; data for Songpan rock mass from Cai (2010); Yuan et al., (2010); Wang et al.,
(2023); data for Yidun Island Arc rock mass from Shi (2017); data for Qinling rock mass are cited from Gong et al., (2009); Liu et al., (2020)
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Fig. 12 Tectonic evolution model of the western margin of the Yangtze Plate in the Upper Triassic

(modified from Gou et al., 2024)
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Dating Constraints on Coeval Magmatic Activity of Tuffs from the
Upper Triassic Xujiahe Formation in Western Sichuan, China
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Abstract: [Objective] The Upper Triassic epoch in the Western Sichuan foreland basin records a critical phase of
the Indosinian Orogeny. The sedimentary strata formed during this period preserve the geological records of the tecton-
ic evolution of the basin and contain key information about volcanic activity during that time. Analysis of the source
materials of the tuff provides important information about the tectonic-magmatic activity patterns of the surrounding
orogenic belts during the orogeny.[ Methods ] Tuff samples from the Xujia Formation in the Jiguan Mountain section
of the Western Sichuan Foreland Basin were selected as the research object. A combination of petrological analysis,
geochemical characteristic analysis and zircon U-Pb isotopic dating techniques revealed the sedimentation age of the
tuff layer and the source of its magma.[ Results] Zircon U-Pb dating yielded ages of 213.5 Ma and 208.5 Ma, corre-
sponding to the Upper Triassic Norian and Rhaetian stages. The rare earth element (REE) patterns of the tuffaceous
rocks exhibit a right-trending distribution characterized by enriched light rare earth elements (LREEs) and relatively
flat-line for heavy rare earth elements (HREEs) , along with pronounced negative Eu anomalies. Primitive mantle-
normalized trace element spider diagrams show enrichment in large-ion lithophile elements (LILEs, e.g., Rb, Ba)
and depletion in high-field-strength elements (HFSEs, e.g., Ta), consistent with the geochemical signatures of conti-
nental lower crust. Zircon Hf isotopic data indicate that the magmas originated from a mixture of crustal contamination
and depleted mantle sources.[ Conclusions ] Building upon this foundation, and considering the regional distribution
and formation age of Upper Triassic igneous rocks at the periphery of the Western Sichuan Foreland Basin, together
with the geochemical characteristics of magmatic rocks, it was concluded that the volcanic tuff shares a common mag-
matic origin with the Upper Triassic andesite of the Songpan-Ganzi terrane. This magmatic activity is closely associat-
ed with the melting of continental crust due to bidirectional plate subduction.

Key words: western Sichuan foreland basin; Xujiahe Formation; tuff; zircon U-Pb dating; geochemical

characteristics
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